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Janay A. Santos-Serejo, Everton H. Souza,* Maria A. P. C. Costa, Davi S. Costa Junior, Edson P. Amorim, Sebastião O. Silva, and Fernanda V. D. Souza abstRact The ornamental market is dynamic and demands constant novelties. The use of fruit crops as ornamental plants can be an interesting alternative with very differentiated and original products. The banana germplasm bank at Embrapa Cassava and Fruits has been primarily used in the breeding program for generating new cultivars as food. To diversify and expand the use of this collection, accessions with ornamental potential have been selected to obtain new hybrids. This work was aimed at characterizing the progeny of ornamental Musa L. spp. by grouping the hybrids according to the following uses: landscape plants, potted plants, cut flower, or minifruits. Forty-two hybrids were evaluated with 14 quantitative and 12 qualitative descriptors in three production cycles. In addition, assays for resistance to black and yellow Sigatoka and to Fusarium wilt were performed. Variability was observed for all the characteristics evaluated within progenies, especially with regard to leaf color, fruit, peduncle, rachis, and heart. All evaluated hybrids were resistant to yellow Sigatoka and to Fusarium wilt and were resistant or showed reduced symptoms of susceptibility to black Sigatoka. Most hybrids (82%) presented reduced plant height. After clustering by use category, the hybrids RM 09, RM 38, RM 37, and RM 33 were selected and recommended to be used as cut flowers, minifruits, or landscaping plants.
The ornamental market is dynamic and demands constant novelties. The search for new ornamental species has increased in recent years, mainly for those marked by originality, durability, and beauty, such as tropical plants. Ornamental banana trees can be an interesting alternative for this demand for novelties (Santos-Serejo et al., 2007) .
Positive results in hybridizations aiming to achieve ornamental banana trees have been described by Wallace et al. (2007) and Wallace and Häkkinen (2009) involving Musa balbisiana Colla (Musa), and Musa velutina H. Wendl. & Drude (Rhodochlamys), which resulted in the crossbreed Musa ×georgiana Rich. H. Wallace hyb. nov. This crossbreed has morphological characteristics from both parents and is very ornamental. Other hybridizations involving ornamental species have already been reported by Simmonds (1962) , Drysdale (1988), and Shepherd (1999) , with the use of different parents and different sections. However, the hybrids achieved were not targeted for ornamental purposes but for reproductive and cytogenetic studies.
The Banana Germplasm Bank at Embrapa Cassava and Fruits (Cruz das Almas, Brazil) is presently formed by 273 accessions, gathering cultivars and wild species of the section Musa, with predominance of Musa acuminata Colla and M. balbisiana, with different ploidy and combinations of the genomes A and B, and the representatives of the sections Rhodochlamys and Callimusa. It is, therefore, considered a good representative of the species of the genus Musa (Silva et al., 2001; Santos-Serejo et al., 2007) .
The banana genetic breeding program developed in the Embrapa Cassava and Fruits has used the variability found in the germplasm bank to generate new cultivars with high yield, tasty fruits, and resistance to the main pests (Silva et al., 2001; Lima et al., 2005) .
Aiming at diversifying and increasing the use of the germplasm, genetic prebreeding activities started to be performed in 2003, focusing on identifying and selecting genotypes with ornamental value. The results achieved in this work guided the crossings for the generation of new ornamental varieties resistant to the main pests of banana: yellow Sigatoka, caused by Mycosphaerella musicola Leach, Panama disease, whose causative agent is Fusarium oxysporum f. sp. cubense (E. F. Smith) Snyder and Hansen, and black Sigatoka, caused by Mycosphaerella fijiensis Morelet (Santos-Serejo et al., 2007) .
The objectives of this work were to characterize a progeny of ornamental banana by clustering the hybrids into categories of use (potted plant, landscaping, cut flower, or minifruits) and evaluating the resistance to the main pests found in banana cultivation.
MateRials and Methods
This work was conducted at the Banana Germplasm Bank and field experimental area at Embrapa Cassava and Fruits, located at 12°40′ S and 39°06′ W, in the municipality of Cruz das Almas, in the Recôncavo da Bahia, Brazil.
According to the Köppen classification (Köppen, 1936) , the climate in the municipality of Cruz das Almas is a transition between the Am and Aw zones, with average annual rainfall of 1143 mm and average temperature of 24.28°C and relative humidity of 60.47%. The soil of the experimental area is a typical dystrophic yellow latosol, moderate A, with sandy clay loam texture, kaolinitic hypoferric, subperennial and semideciduous forest transition phase, with 0 to 3% slope.
After the genotypes with ornamental characteristics that could be incorporated into genetic breeding programs for the achievement of ornamental hybrids were identified and characterized (SantosSerejo et al., 2007) , the hybridizations with this purpose started to be performed. The progeny under evaluation resulted from the crossing between M. acuminata ssp. zebrina, called Monyet (Fig. 1a) , and the hybrid Musa ornata Roxb. × M. velutina, called Royal (Fig.  1b) . Forty-two hybrids were evaluated in three production cycles arranged in a completely randomized experimental design with five replications per cycle, so that each plant is a replication.
For the characterization, we used a minimal list of morphological descriptors developed for banana germplasm and previously applied in the characterization of the Germplasm Bank (Santos-Serejo et al., 2007) . Fourteen descriptors were applied for the quantitative characters: five for the vegetative characteristics of the plant (plant height, diameter of the pseudostem, days from planting to harvest, number of leaves in flowering, and number of leaves in the harvest), seven for the characteristics of the bunch (length of stalk, stalk diameter, number of hands per bunch, distance between hands, number of hands per bunch, fruit length, and fruit diameter), and two related to male inflorescence (heart length and heart diameter).
Regarding the qualitative characteristics, 12 descriptors were applied. Eight of them were related to the bunch (stalk pubescence, angle of the bunch, flexion of the hands, fruit pubescence, skin color of the unripe fruits, size of the apex of the fruits, position of the rachis with 10 cm of length, and color of the rachis) and four were related to the male inflorescence (shape of the heart, shape of the apex of the heart, heart imbrication, and color of the heart). The relation and details of the descriptors and the illustrations are found in IPGRI (1996) . We made some modifications for more appropriate evaluations.
After the morphological characterization, the hybrids were grouped per category of use according to the following description:
Potted plants: plant height inferior to 145 cm, number of leaves per plant, color of the leaves, length of the stalk inferior to 25 cm, number of hands per bunch, number of fruits per hands, position of the bunch, size and shape of the heart, and color of fruits and heart. Cut flower: length of the stalk superior to 20 cm, diameter of the stalk inferior to 4 cm, number of hands per bunch, number of fruits per hand, position of the bunch, size and shape of the heart, and color of the fruits and heart. Minifruits: shape and size of the fruits, number of fruits per hand, distance between the hands, and color of the fruits. Male inflorescence (heart): size and diameter of the heart, shape of the heart, presence of imbrication, persistence, and opening of the floral bracts.
To assess black Sigatoka, the hybrids were evaluated in a previously infested experimental area of the Embrapa Amazô-nia Ocidental, Manaus, state of Amazonas, Brazil. After 8 mo, the severity of the disease (rainy season) was evaluated using the Stover scale modified by Gauhl (Orozco-Santos, 1998) with the following observations: leaves without symptoms of the disease and those with up to 10 spots (1), leaves with damaged leaf area <5% (2), leaves with 6 to 15% of damaged leaf area (3), leaves with 16 to 33% of damaged leaf area (4), leaves with 34 to 50% of damaged leaf area (5), and leaves with damaged leaf area >50% (6). The experiment was arranged in a completely randomized design with five replications and two controls. Banana 'Prata-Anã' was susceptible while banana 'Cici' was resistant.
Results and discussion
The crossing between Monyet and Royal resulted in 168 plants. Only 42 of the hybrids presented good development in greenhouse and were evaluated in the field. We observed Landscaping: wide category, which can include potted plants, cut plants, minifruits, and male inflorescence as long as the plants are small. An important characteristic for this category is the tillering capacity. The following descriptive statistics were calculated: average, minimum value, maximum value, standard deviation, and variation coefficient, considering all the hybrids evaluated. For data analysis, we used the SAS statistical software system (SAS Institute, 2004) . For the qualitative descriptors, we calculated the frequency of the characteristics.
Assays for resistance to black Sigatoka (Mycosphaerella fijiensis Morelet), yellow Sigatoka (Mycosphaerella musicola Leach), and Panama disease [Fusarium oxysporum f. sp. cubense (E. F. Smith) Snyder and Hansen] were concomitantly performed. For the assessment of yellow Sigatoka and Panama disease, the hybrids were evaluated in the experimental area, where inocule sources were already present. To verify the efficiency of the pathogens, plantlets of banana 'Maçã' were used as a susceptible control. great variability among the progeny in all the characteristics evaluated, mainly the color of the leaves, fruits, stalk, rachis, and heart (Fig. 1) . The hybrids achieved presented leaves with dark spots due to the presence of pigmentation with anthocyanin, similar to those of Monyet but with variable frequency and distribution (Fig. 1c) .
We observed a tendency for variation during the cycles for all the quantitative characteristics. The highest variation was observed between the two first cycles with stabilization in the third. The first cycle is not the adequate moment to analyze banana genotypes, since stability can only be achieved later, during the second and third cycles, when the genotype achieves definitive characteristics (Belalcázar Carvajal, 1991; Silva et al., 2001) .
Most hybrids (82%) were small, similar to that of Royal. For the variable plant height, the average observed was 100.61 cm, 131.90 cm, and 149.90 cm in the three cycles, respectively, which demonstrates an increase in the plant height from one cycle to another (Tables 1 and 2 ). The same behavior has been observed by other authors for edible bananas (Silva et al., 2001; Lima et al., 2005) .
Plant height is a very important character for crop science and culture breeding since it affects the density and management of plantations and, consequently, the production of edible bananas. In the case of ornamental bananas, small size is fundamental not only for management but mainly for the use as potted plants and even landscaping.
The diameter of the pseudostalk and the number of leaves are directly related to the nutrition and development of the plants (Silva et al., 2001 ). In the hybrids evaluated, it was recorded a pseudostalk average of 5.05, 6.39, and 6.71 cm in the three cycles, respectively, which is inferior to the Royal parents, with 14.20 cm, and Monyet parents, with 17.25 cm. For the variable number of leaves, it was observed an average of seven leaves in the flowering and six leaves in the harvest. These values are considered good for ornamental plants, since this number affects densification, which is interesting for landscaping or even for potted plants (Table 1 ). This variable is important because it may affect the development of fruits, which will depend directly on the photosynthesis rate of plants (Silva et al., 2001) .
The cycle is an important character in banana genetic breeding for both food and ornamental production, since it reflects plant precocity and, consequently, the annual yield of the crop. Precocity determines faster economic return for producers, considering that the shorter the time of permanence of the bunch in the plant, the lower the exposure to harmful agents (Silva et al., 2001) . Weather conditions and, mainly, genotypes significantly affect the duration of the cycle, the quality of the product, and the density of the plant (Silva et al., 2001) .
The genotypes evaluated in this work presented great variation in the cultivation cycles, with different number of days, from planting to harvest, also differing in the three evaluation cycles.
The harvest of the first cycle occurred, in average, on day 302, with a variation of 148 d recorded for the hybrid RM 35 and 577 d for the hybrid RM 25. In the third cycle, an average of 470 d was observed, with variation of 329 and 581 d in the same hybrids previously mentioned (Table 1) , which was evidence of the precocity of some hybrids. ) ; PSD, pseudostem diameter (in cm); DPC, days from plantation to harvest; NLF, number of leaves in the flowering season; NLH, number of leaves in the harvest; STA, stalk length (in cm); SDI, stalk diameter (in cm); NHB, number of hands per bunch; DBH, distance between hands (in cm); NUH, average number of frits per hand; LEF, fruit length (in cm); FRD, fruit diameter (in cm); HLE, heart length (in cm); HDI, heart diameter (in cm).
The harvest of the bunch to be used as cut flower must be performed when the rachis achieves 10 cm of length, which occurs approximately 15 d after flowering. At harvest, the structures that form the inflorescence must already be well formed. The fruits present an intense color and the heart presents ideal size and color. It is noteworthy that if rachis are longer, the male inflorescence tends to decline, which devalues and damages the quality of the final product.
Forty-two percent of all the hybrids evaluated presented the rachis in the horizontal position, 28% in the upward tilted position, 28% downward tilted position, and 2% in the horizontal position (Fig. 2) .
As for the position of the bunch, in 45% of the plants, inflorescence was upward, assuming a vertical, upright position, 42% presented upward tilted position, 7% were in the horizontal position, and 6% presented downward tilted position (Fig. 2) . It is possible to observe that for most hybrids, this characteristic was similar to the parent Royal, which is more accepted in the market, since the ornamental banana trees marketed present upward inflorescences, which is the case of M. ornata, M. velutina, and Musa coccinea Andrews.
Stalk length is an important characteristic for the selection of plants for cut flower, and a long and thin stalk is desirable to facilitate the making of arrangements and reduce the weight to be transported. The average observed in the progeny was 18 cm of length and 2 cm of diameter with a recorded variation ranging from 5 to 44 cm (Table 1) .
Stalk pubescence gives an interesting velvety appearance to ornamental plants, which is a fairly valued characteristic.
Among the genotypes evaluated, 74% presented pubescence, as observed in Fig. 2 . This characteristic was probably inherited from Monyet, which has abundant and long hair.
As for color, it was observed that 90% of the hybrids presented variation of olive green, pinkish and brownpurple, with only three pinkish stalk hybrids, similarly to that observed in the parent Royal (Fig. 1b) .
The hybrids presented, in average, bunches with 3.82, 4.60, and 4.88 hands in the three cycles, respectively. The average number of fruits per hand was lower than that of the parent Monyet (11.47) and superior to that of Royal (4.47) varying from 5.50 in the first cycle, 6.80 in the second cycle, and 7.0 fruits in the third cycle (Table 1) .
The number, length, and diameter of the fruits are key characteristics for all the categories, mainly for cut flower and minifruits. The higher the number of full, small, and perfect fruits, the more attractive the set, in case of use as cut flower or even minifruits, whose hands are used individually in different arrangements.
As for the length and diameter of the fruits, the hybrids presented an average of 4.77 cm of length per 1.10 cm of diameter in the first cycle and 5.28 cm of length per 1.20 cm of diameter in the third cycle, a characteristic similar to that of their parents (Table 1 ). The apex of the fruits is not a key characteristic in the selection of ornamental hybrids, but it should desirably be small and short, therefore giving a more rounded shape to the fruit, resulting in a product more pleasing to consumers. This characteristic was observed in 7% of the hybrids evaluated. As for the curving of the fruits, it was observed that 38% were upright and 55% moderately curved (Fig. 2) . Figure 1f highlights the morphology of hands considered ideal for ornamental use.
The quantitative characteristics related to the heart are presented in Table 3 . Most hybrids presented a heart that is longer than that of the parents, with an average of 13.54 cm of length per 4.61 cm of diameter in the third cycle. Great variation was observed in the shape and color of the heart: 54% truncated, 40% slender, 2% lanceolate, and 4% ovate. The acute form of the apex was observed in 88% of the hybrids (Fig. 2) . Colors close to pink prevailed, which is very interesting in ornamental bananas (Fig. 1g) . The imbrication of the hearts refers to the arrangement and overlapping of floral bracts, which are interesting traits for ornamental plants because they facilitate the manipulation and opening of the hearts in floral arrangements, allowing creative shapes by folding the bracts. Out of the 42 hybrids evaluated, 40% did not present imbrication, 31% presented little imbrication, and 29% presented much imbrication (Fig. 2) .
The color and hairiness of the fruits are important traits in the selection of ornamental banana trees, since they give originality and peculiarity that deserve consideration. Colored and hairy fruits are different from those known for consumption, which draws people's attention. The greenish color of the fruits was observed in 10% of the hybrids and the highest variation of intensity was found between brown-purple (78%) and pinkish, with 12% of the hybrids (Fig. 1f ) . Fruit pubescence was observed in 38%, and 7% presented long and dense hair (Fig. 2) .
The use of male inflorescence (heart) of bananas for floral arrangements is commercially underexplored and represents an innovation for the flower market (SantosSerejo et al., 2007) . The variability of colors and forms in the hearts, mainly in wild varieties, can be better explored as a new component in flower arrangements, giving an aspect of exoticism that is very pleasing to consumers. Banana heart allows the formation of large and exuberant arrangements, which is something distinct and innovative.
After the grouping per category of use and beauty, four hybrids (RM 09, RM 33, RM 37 and RM 38) that can be destined to cut flower, minifruits, or landscaping (Tables 2  and 3 ; Fig. 1 ) were selected. In general, the hybrids selected were short, with attractive color in the leaves and fruits, with or without hairiness, with well formed and small fruits and bunches with many hands. Other hybrids are being obtained to achieve materials for vase, minifruits, cut, and landscaping, based on the characterization of the Banana germplasm collection (Santos-Serejo et al., 2007) .
In relation to black Sigatoka, all the hybrids evaluated presented resistance or just a few lesions. Out of the accessions selected, only the RM 37 presented small lesions (less than 10 spots) in the leaves 7, 8, and 9, which classifies it as moderately susceptible. The parent Monyet presented resistance, while the crossbreed Royal presented small lesions in the last leaves. To corroborate the efficiency of the inoculation, the susceptible control Prata Anã was used and presented 100% of severity in the leaf 10, while Cici, used as control for resistance, did not present any symptom.
For the pests yellow Sigatoka and Panama disease, all the hybrids were resistant, in opposition to the control Maçã, which presented 100% of infestation, resulting in the death of the plants.
The four hybrids selected presented an upward tilted bunch. Two of them were brown-purple (RM 09 and RM 37) and two were greenish (RM 33 and RM 38). The characteristic hairiness of the stalk was observed in the hybrids RM 09 and RM 33, with long and dense hair, while RM 37 did not present this characteristic. The fruits were also hairy but with lower concentration and smaller size ( Table 2) .
The bunches presented from 3.20 to 5.50 hands with 4.80 to 10.20 fruits per hand. The average length of the fruits ranged from 4.18 to 6.06 cm per 1 cm of diameter, and it was observed that the crossbreed RM 09 presented a long apex while RM 37 was insignificant (Table 3) .
For the characteristics of the heart, lengths ranging from 10.06 cm to 15.42 cm and average diameter of 4 cm were registered. The truncated shape was observed in the four hybrids selected while imbrication was very sharp in the RM 09, discrete in RM 37 and RM 38, and absent in RM 33. The color varied from pink-violet in RM 09 and brown-purple in RM 37 (Table 3 ; Fig. 1 ).
The descriptors used were useful to select and group the hybrids of ornamental banana according to the different recommendations of use. These descriptors could be the basis to define the descriptors of ornamental banana for cultivar protection. ) ; PFR, fruit pubescence; CBF, skin color of the unripe fruits; API, size of the apex of the fruits; HLE, length of heart (in cm); HDI, heart diameter (in cm); SHE, shape of the heart; FAC, shape of the apex of the heart; ICO, heart imbrication; COC, color of the heart. § LIT, little; AUS, absent. ¶ BPU, brown-purple; OLV, olive green. 
